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The a n a l y s i s  of the moisture  conten t  of c o a l s  has  been t h e  s u b j e c t  of a 
number of e x t e n s i v e  d iscuss ions  (1-3). I n t e r e s t  i n  t h e  de te rmina t ion  of 
water i n  coal is a r e s u l t  of both its importance i n  commerce and its 
inf luence  on t h e  e lementa l  a n a l y s i s  of t h e  organic  p o r t i o n  of t h e  c o a l .  
Although s imple  weight  loss methods, such as ASTM 3173, are t h e  accepted 
methods f o r  t h e  a n a l y s i s  of mois ture  i n  c o a l ,  it is well documented t h a t  
these  methods a r e  n o t  without  e r r o r ,  e s p e c i a l l y  i n  low-rank coals. A 
quest ion of importance is, How much o f  t h e  water  of combustion determined by 
classical combustion a n a l y s i s  of t h e  coal was p r e s e n t  i n  the "dry" c o a l  as 
water and is n o t  a combustion product?  This  water, if p r e s e n t  i n  "dry" 
c o a l ,  can in t roduce  a s i g n i f i c a n t  e r r o r  i n t o  t h e  organic  e lemental  a n a l y s i s .  
For example, 1% water p r e s e n t  i n  a dry  I l l i n o i s  86 coal and mistakenly 
i d e n t i f i e d  as a product  of combustion would in t roduce  an error of  -3% i n  t h e  
hydrogen a n a l y s i s  and -10% i n  t h e  oxygen a n a l y s i s .  The 3% e r r o r  i n  t h e  
hydrogen a n a l y s i s  t r a n s l a t e s  i n t o  an error of 3 H/100 C f o r  the  I l l i n o i s  N o .  
6 coal. 

Our p a r t i c u l a r  concern regard ing  the a c c u r a t e  determinat ion of water 
stems from an i n t e r e s t  i n  t h e  chemistry of hydrogen dur ing  d i r e c t  c o a l  
l i q u e f a c t i o n .  In such  systems t h e  change i n  organic  hydrogen across a 
r e a c t o r  w i l l  o f t e n  be  i n  t h e  range of 5 H/100 C. If e r r o r s  due to  t h e  
unknown amount of mois ture  i n  c o a l  are +3 H/100 C,  a problem e x i s t s .  If we 
cannot  have confidence i n  o u r  a b i l i t y  t o  determine the change i n  organic  
e lemental  composi t ion across a r e a c t o r ,  we cannot ,  wi th  confidence,  d i s c u s s  
t h e  chemistry occurr ing  i n  that r e a c t o r .  

The i n v e s t i g a t i o n  of c o a l  s t r u c t u r e  can also be complicated by 
inadequate a n a l y s i s  of  the water i n  t h e  c o a l .  Drying procedures  f o r  
moisture  de te rmina t ion  may cause s u b s t a n t i a l  s t r u c t u r a l  changes and,  i f  done 
i n  the presence o f  oxygen, may. also induce s i g n i f i c a n t  ox ida t ion .  The 
problem of s t r u c t u r a l  c o l l a p s e  on dry ing  is more a c u t e  f o r  s t u d i e s  of lower 
rank coals .  Study of the dependence of c o a l  s t r u c t u r e  on moisture  c o n t e n t  
would be a ided  by improved methods t o  measure the n a t u r e  and amount of water 
in  whole coa ls .  

A d i f f i c u l t y  w i t h  improving the  a b i l i t y  t o  q u a n t i t a t e  water i n  coal is 
t h a t  t r u l y  independent methods do n o t  always exist. The " t rue"  va lue  o f  any 
a n a l y t i c a l  parameter is always e a s i e r  t o  determine if  t o t a l l y  independent 

Reference i n  t h i s  r e p o r t  to  any s p e c i f i c  commercial product ,  process ,  o r  
s e r v i c e  is t o  f a c i l i t a t e  understanding and does n o t  n e c e s s a r i l y  imply its 
endorsement o r  favor ing  by t h e  United S t a t e s  Department o f  Energy. 
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methods exist to determine that parameter. This paper describes the possi- 
bility of using a simple isotope dilution technique to determine the water 
content of coal and presents a comparison of these isotope dilution measure- 
ments with classical results for the set of Argonne coals from the premium 
coal sample program (4). 

Isotope dilution is a widely used analytical method and has been 
applied to the analysis of water in matrices as diverse as chicken fat ( 4 ) ,  
living humans (5), and coal (6). Virtually all of these applications 
involved the use of deuterium as the diluted isotope. This poses some 
problems if the sample contains a significant amount of exchangeable organic 
hydrogen and one is interested in discriminating exchangeable organic 
hydrogen from water. This is a potential problem in the coal system. To 
avoid this potential problem "0 was used as the diluted isotope in this 
work. 

Experimental 

The isotope dilution experiment, as applied in this study, involves 
equilibration of a fixed amount of labeled water with a known amount of 
coal. If it can be established that complete equilibration has been 
achieved and if proper allowance is made for isotopic impurities and contri- 
butions from the apparatus, the isotope ratio of the final equilibrated 
system directly measures the exchangeable isotope reservoir in the coal. 
Further work can then be directed to determining what species compose the 
exchangeable oxygen reservoir. 

The equilibration of the coal with labeled water is accomplished by 
placing a weighed amount of coal (20-300 mg) in a thin-walled Pyrex tube, 
adding 5 l.iL of H z l ' O ,  and using a torch to seal the equilibration tube. The 
premium coals used were the 100-mesh samples, and all equilibration tubes 
were filled and sealed within 15 minutes of opening the ampoule. The Hzl'O 
was 90% enriched and was obtained from Mound Laboratories. Before sealing, 
a small amount of dry COz(g) is added to each equilibration tube as a probe 
molecule to facilitate mass spectrometric analysis of the isotope ratio. 
Before analysis, the sealed tubes are equilibrated at 100°C for 16 hours. 
Measurement of the equilibration rate of coal samples using this experi- 
mental approach established that at 100°C, 16 hours was sufficient to 
guarantee complete equilibration. The isotope ratio measurement on the 
final system was done by measuring the relative abundances of the isotopic 
COZ species (Cl602, C'601'0, and C"O2) using a CEC 103 mass spectrometer. 
Stable isotope geochemists routinely use COr to measure the oxygen isotopic 
composition of water samples (7). Distilled water was used for calibration. 

Results and Discussion 

Determination of the size of the exchangeable oxygen reservoir in the 
premium coals was accomplished by plotting the observed 60/ '  '0 isotope 
ratio against the sample size. Since .the amounts of labeled water, COz, and 
any exchangeable oxygen associated with the sample vessel are held constant, 
the change in isotope ratio with sample size should be a function of only 
the size of the exchangeable oxygen reservoir in the coal. The isotope 
dilution data obtained for the eight currently available premium coals are 
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presented i n  F igure  1.  The s l o p e s  of t h e  p l o t s  shown i n  Figure 1 a r e  simply 
propor t iona l  to  the s i z e  of  t h e  exchangeable oxygen r e s e r v o i r  i n  each o f  t h e  
premium c o a l s .  

Conversion of t h e  raw d a t a  to  "water" content  and comparison of  t h e s e  
r e s u l t s  wi th  t h e  best c u r r e n t l y  a v a i l a b l e  moisture  ana lyses  on t h e  premium 
c o a l s  is shown i n  T a b l e  1 .  The assumption t h a t  is made is t h a t  t h e  
exchangeable oxygen r e s e r v o i r  is a l l  present  as water. These r e s u l t s  ind i -  
c a t e  good agreement between t h e  i s o t o p e  d i l u t i o n  measurement and t h e  c l a s -  
s i c a l  mois ture  measurements on t h i s  set of samples. There appears  to be  a 
small s y s t e m a t i c  p o s i t i v e  d i f f e r e n c e  between t h e  i so tope  d i l u t i o n  and t h e  
weight loss r e s u l t s .  This  d i f f e r e n c e  is be l ieved  t o  be o u t s i d e  our exper i -  
mental e r r o r .  Before t h e  s e t  of  premium coals was analyzed,  a number o f  
ground c o a l s  being used i n  process- re la ted  s t u d i e s  had been analyzed by t h i s  
method. For t h e s e  samples, which had n o t  been handled with t h e  c a r e  
lav ished  on t h e  premium samples, d i s c r e p a n c i e s  between the  i so tope  d i l u t i o n  
measurements and the  c l a s s i c a l  weight loss a n a l y s e s  were s i g n i f i c a n t l y  
g r e a t e r .  This  is i l l u s t r a t e d  by t h e  last  two e n t r i e s  in  Table  1.  A t  t h i s  
p o i n t  i n  t h e  development of  t h e  i so tope  d i l u t i o n  technique,  a d e f i n i t i v e  
explana t ion  of t h e  l a r g e r  d i screpancies  between i s o t o p e  d i l u t i o n  and weight 
loss r e s u l t s  for t h e  non-premium samples would be premature. A p o t e n t i a l  
source of  t h e s e  d i f f e r e n c e s  could be mild oxida t ion  and s t r u c t u r a l  changes 
i n  t h e  non-premium samples, r e s u l t i n g  i n  water being more s t r o n g l y  bound and 
t h u s  incompletely measured i n  t h e  weight loss analyses .  Fur ther  work is 
needed to clarify t h e  reasons  for t h e s e  d i f f e r e n c e s .  

The data presented i n d i c a t e  t h a t  an i so tope  d i l u t i o n  approach is 
capable  of reproducibly measuring t h e  s i z e  o f  an exchangeable oxygen 
r e s e r v o i r  i n  coa l .  To determine what oxygen is included i n  t h e  exchangeable 
oxygen r e s e r v o i r ,  t h e  size of t h e  r e s e r v o i r  was determined f o r  a v a r i e t y  of 
model systems,  inc luding  c l a y  minera ls ,  c a l c i t e ,  gypsum, inorganic  hydra tes ,  
phenol ics ,  carboxyl ic  a c i d s ,  carboxyla te  s a l t s ,  carboxyla te  salt hydra tes ,  
and accepted geochemical s tandards.  The d iscuss ion  of  a l l  t h e s e  r e s u l t s  
exceeds t h e  scope of t h i s  p r e p r i n t ;  however, t h e  prel iminary conclusion is 
t h a t  under t h e  c o n d i t i o n s  descr ibed  i n  t h i s  work, t h e  exchangeable oxygen 
r e s e r v o i r  i n c l u d e s  most s t r o n g l y  bound hydra te  water in both organic  and 
inorganic  systems and does n o t  inc lude  any organic  oxygen i n  compounds t h a t  
a r e  s t a b l e  under the e q u i l i b r a t i o n  condi t ions .  

C o n c h s  i o n s  

Equi l ibr ium i s o t o p e  exchange f o r  t h e  i n v e s t i g a t i o n  of oxygen i n  c o a l  
appears  to have promise as a t o o l  for determinat ion of  the  " t rue"  water con- 
t e n t  o f  coals. I t s  a p p l i c a b i l i t y  appears  to  extend a c r o s s  t h e  rank s c a l e .  
The technique measures t h e  s i z e  of t h e  exchangeable oxygen r e s e r v o i r  under 
very mild c o n d i t i o n s  without  removing t h e  water from t h e  c o a l ,  thus  avoiding 
s t r u c t u r a l  changes t h a t  could complicate  t h e  a n a l y s i s .  A more comprehensive 
d iscuss ion  o f  t h e  r e s u l t s  on a v a r i e t y  of systems is c u r r e n t l y  being pre- 
pared. Pre l iminary  r e s u l t s  i n d i c a t e  t h a t  i t  may provide a s imple,  r e l i a b l e ,  
and t o t a l l y  independent method for t h e  measurement of coa l  water content .  
Comparison of t h i s  method with c l a s s i c a l  weight loss methods may provide a 
s i g n i f i c a n t  improvement i n  our  a b i l i t y  to  measure t h e  " t rue"  water c o n t e n t  
of c o a l  and t h u s  the " t rue"  organic  hydrogen and oxygen conten ts  as wel l .  
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Figure 1. Isotope Dilution Analysis of Premium Coals. 
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